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The RhoC Transgenic Mouse as a Realistic Model of Inflammatory Breast Cancer.
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Introduction

Inflammatory breast cancer is a unique and highly aggressive form of locally advanced breast
cancer'?. Although it effects a small proportion of women with breast cancer annually in the
United States (approximately 6%), it carries with it the worst prognosis of all breast cancers'.
Inflammatory breast cancer is unique in the aspect that it invades and grows within the dermal
lymphatics of the breast. Blockage of the dermal lymphatics by tumor emboli leads to edema
and swelling of the breast, thus giving the appearance of inflammation?>. The tumor emboli
can also metastasize via the dermal lymphatics to the skin of the contralateral breast, chest and

stomach.

Although the clinical characteristics of inflammatory breast cancer were well documented,
nothing was known about the genetic or molecular mechanisms involved in conferring the
unique phenotype to this disease. In a comprehensive study aimed at discovering the genetic
mechanisms underlying inflammatory breast cancer growth and metastasis, our laboratory
found that RhoC GTPase was overexpressed in over 90% of inflammatory breast cancer patient
samples analyzed (compared with 38% of stage-matched non-inflammatory tumors)*. RhoC
GTPase is an oncogene which belongs to the Ras superfamily of small GTP binding proteins
and is implicated in cellular motility and invasion. Subsequent experiments have demonstrated
that overexpression of RhoC in normal human mammary epithelial cells can nearly recapitulate

the inflammatory breast cancer phenotype®®.




No true model of inflammatory breast cancer development currently exists. Two alternative
models: orthotopic injection of inflammatory breast cancer cell lines (the SUM149 and SUM190)
into the mammary fat pad of nude mice, and the MARY-X xenograft, are the only ways of study
inflammatory breast cancer growth®’. Although, these models are useful for various aspects of
inflammatory breast cancer research, they both utilize cells that were isolated after
chemotherapeutic intervention. In order to better address inflammatory breast cancer
development and growth we proposed to develop a RhoC transgenic mouse, modeled after the
Her2/neu transgenic mouse®. We therefore attempted to clone RhoC into a tetracycline (tet)
inducible vector containing a mouse mammary tumor virus (MMTV) promoter and develop RhoC

transgenic mice within the one year concept award period.

Report Body
As outlined in the proposal, we first would attempt to produce a tet-inducible, MMTV-RhoC

expression vector, transfect it into immortalized mammary epithelial cells, determine basal
expression and tet-induced expression. Next we would develop a RhoC transgene screening

method to screen the microinjected embryonic stem cells and eventually RhoC transgenic mice.

Unfortunately we had some unforeseen experimental problems early on in the project. The first
problem was obtaining a tetracycline inducible MMTV-vector. At the time the proposal was
written this vector was commercially available from Clonetech. After the funding period began,
the vector (and the corresponding control vectors) had been discontinued and were no longer
available. Several investigators were contacted and a vector was finally obtained. The vector
had to be modified by us to contain restriction sites within the cloning cassette that would accept
the RhoC gene. While in the process of obtaining and modifying the vector, we also obtained
the pSWITCH system from Invitrogen. This system is a CMV-promoter system which uses a
steroid type drug, mifepristone, to shut off the control vector and induce transgene transcription.
Utilization of this CMV-promoter system would result in whole-body expression of RhoC, which
would be extremely interesting in that no knowledge exists as to how this gene effects
development, growth, etc. Unfortunately, the mifepristone system produced high basal

expression in the human mammary epithelial cells, presumably due to the hormone




responsiveness of these cells. So, a conventional tet-inducible system was utilized similar to

the MMTV-promoter system.

The next problem that occurred was the production of stable-tet-inducible MMTV-RhoC (and
CMV-RhoC) human mammary epithelial cells. Although in the past we have had high
transfection efficiencies with other expression vectors, utilizing the FuGene6 transfection
reagent from Roche Biochemicals, transfection efficiency was very low and selection resulted in
no viable clones. The transfection protocol was eventually optimized and stable tet-inducible
clones were produced. Induced levels of RhoC were analyzed and found to be ~10-fold over
basal, non-induced levels (approximately the level seen in human tumors). These tet-inducible

cells will provide a valuable reagent for future in vitro studies.

Southern blot and PCR screening for the RhoC transgene have been performed and optimized.
In addition a PCR titration curve of MMTV-RhoC (or CMV-RhoC) diluted in mouse tail DNA has
been produced. This is a significant step in order to be able to detect 1 copy of the transgene in
the resulting transgenic mice. Subsequently, the prokaryotic vector sequences of the tet-
repressor and RhoC containing vectors have been trimmed away and the transgene has been

injected into mouse embryonic stem cells.

The selection process of the embryonic stem cells has been completed. We have screened 192
stem cell clones for expression of the tet-repressor and RhoC transgene. Ten stem cell clones
for each MMTV- and CMV-RhoC constructs have been selected and implanted into recipient
mice. Over 500 mouse pups have been screened for transgene expression. The frequency of
the RhoC transgene in the pups has been quite low, less than 20% of the mice carry the gene.
However, these mice are currently being “back-crossed” with C57 black mice to provide a pure,

stable genetic background containing the transgene.

We are now on the F2 generation and need to continue the back-cross until the F6 generation.
When the F6 generation is reached, we will bank the mice with either the NIH or Jackson labs

mouse repository. Also, at that time our experiments will begin with the F6 generation.




Key Research Accomplishments
> Development of tetracycline inducible MMTV-RhoC and CMV-RhoC expression vectors.

> Development of normal human mammary epithelial cell lines which contain the tetracycline
inducible MMTV-RhoC and CMV-RhoC expression vectors. These cell lines will prove
invaluable for future in vitro studies.

> Optimization of transgene screening methods for determining the presence of the RhoC
gene in tissue culture cells, embryonic stem cells and transgenic mice.

» Successful introduction of the tetracycline inducible MMTV-RhoC and CMV-RhoC
expression vectors into mouse embryonic stem cells.

> The mice that contain the RhoC-transgenes are viable and fertile.

Reportable Outcomes

It is premature to report any of the outcomes thus far. Progress has been made in overcoming

technical obstructs that will allow for rapid progress to be made.

Conclusions

Development of the RhoC transgenic mouse has proven more difficult than originally
anticipated. The major stumbling blocks lay in the development of the expression vector. One
of the positive aspects of the initial experimental problems has been that in addition to the
MMTV-RhoC vector, we were able to develop a CMV-RhoC vector. Basically, we are able to
get “2 for the price of 1”. Each will answer significant questions in the development of
inflammatory breast cancer development. When the RhoC transgenic mouse is complete, we
will be able to induce expression with tetracycline at the time of our choosing and in the case of
the MMTV-RhoC mice have specific mammary targeted expression. In the case of the CMV-
RhoC mice we will have whole body expression. This will answer questions of RhoC biology

that remain a mystery such as its role in development.
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